Reliability of scienti c ndings is important, especially if they directly impact decision making, such as in environmental management. In the s, assessments of reliability in the medical eld resulted in the development of evidence-based practice. Ten years later, evidence-based practice was translated into conservation, but so far no guidelines exist on how to assess the evidence of individual studies. Assessing the evidence of individual studies is essential to appropriately identify and summarize the con dence in research ndings. We develop a tool to assess the strength of evidence of ecosystem services and conservation studies. is tool consists of ( ) a hierarchy of evidence, based on the experimental design of studies and ( ) a critical-appraisal checklist that identi es the quality of research implementation. e application is illustrated with examples and we suggest further steps required to move towards more evidence-based environmental management.
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In a nutshell
• Human's life depends on nature, biodiversity and their related ecosystem services and it is essential to manage natural ecosystems in a sustainable way.
• Decisions taken in the context of environmental management need to be based on sound knowledge and reliable information.
• We introduce an evidence assessment tool to identify the reliability of environmental research.
• is evidence assessment tool is based on a hierarchical ranking of study designs and a study quality checklist.
• Identifying the reliability of environmental research is the rst step towards more e ective decision making.
evidence-based practice, to ensure that scientists and practitioner can communicate e ectively across the disciplines and backgrounds. Next, we introduce a new evidence hierarchy that ranks scienti c study designs in ecosystem services and conservation, extending a previous proposal by Pullin and Knight ( ). A quality checklist will support the appraisal of the study design and increase reproducibility.
Finally, we illustrate the application of the tool with case studies, and specify the relevance of evidence-based practice for di erent user groups.
Current use of evidence-based practice in environmental management
A common application in evidence-based practice is a systematic review. It summarises the knowledge available for a speci c question using systematic and explicit methods to identify and select relevant research (Collaboration for Environmental Evidence, ). Another approach to evidence-based practice are summaries. Summaries do not focus on a speci c question but bring together information from a much broader topic, e.g. from a whole animal group (Dicks et al.,
), such as bees (Dicks et al., ) . ey assess the evidence of various possible interventions, but do not currently appraise the quality of each study included or
give speci c recommendations. Summaries can serve as a foundation to develop guidelines. ese 'best practice guides' give recommendations on conservation strategies and ecosystem services assessment tools. ey are based on the collection of scienti c evidence summarized and judged by a group of experts (Graham et al.,
; Sutherland et al.,
).
Systematic reviews and summaries compile individual studies and therefore require the evaluation of the evidence at the level of the individual study. In systematic reviews this is typically mentioned as one step of the critical appraisal.
However, to date such critical appraisal is o en implicit, based on criteria varying for every systematic review (Collaboration for Environmental Evidence, ). e instruments introduced here provide a clear appraisal guideline with an evidence assessment tool to score the reliability of individual studies. which ecosystem service, species or aspect of biodiversity will be investigated in which system, as this will help to determine the external validity of the answer provided in a study.
Evidence assessment tool
We further recommend to determine the focus of the question, as either 'quanti cation', 'valuation', 'management' or 'governance'. anti cation studies measure the amount of an ecosystem service, species abundance, biodiversity or other conservation targets. Examples include estimating species abundance, the quantity of carbon sequestrated or the number of owers pollinated. Measures can be taken in absolute units or relative to another system. Valuation studies assess the societal value of ecosystem services. e most common way is monetary valuation.
Other possibilities are in relation to a reference system or on a ranked scale (high, middle, low value). Management is the treatment designed to improve or bene t speci c ecosystem services, target species, biodiversity or other conservation aspects.
For example: leaving dead wood in forests to increase biodiversity or reducing agricultural fertiliser to decrease nearby lake eutrophication. Governance is seen as the strategy or policy to steer a management intervention, such as REDD (Reducing Emissions from Deforestation and forest Degradation), which aims to encourage forest protection and reforestation (Kenward et al.,
). e tools used by policy makers include incentives (subsidiaries) or penalties (law/tax) (see also Bevir, ).
When the e ectiveness of management and governance strategies is determined, to assess the management impact of fox baiting on malleefowl. e distinction of four di erent foci is essential to assess the whole range of environmental management.
We have described how to set the context of questions that can be useful in environmental management. Once the question has been determined, and the investigation carried out, the strength of the resulting evidence should be assessed (Fig. ) .
. Evidence assessment e reliability of a study is characterized by its study design and the quality of its implementation. Both are evaluated in the evidence assessment.
a. Evidence hierarchy e study design refers to the set-up of the investigation, e.g. controlled or observational design (GRADE Working Group, ). ese study designs are not equally compelling with respect to inferring causality. Di erences in study designs typically translate into weak or strong evidence. To identify the reliability of a study, study designs can be ranked hierarchically according to a level-of-evidence scale, hence forth the evidence hierarchy (Fig. ) .
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). If possible, they ideally include quantitative measures, at best a meta-analysis. Other more conventional reviews (LoE b) may also include quantitative analysis or are purely qualitative. Both types of review summarize the ndings of several studies, but systematic reviews assess the completeness and reproducibility more carefully and strive to reduce bias by having transparent, thorough, pre-approved methods (Higgins and Green, ).
e necessary condition for any review is that appropriate individual studies are available. e most reliable individual study design is a study with a reference/control (LoE ). Typically, these are case-control or before-a er Observational studies (LoE ) are individual studies without a control. ese include studies employing inferential and correlative statistics, e.g. testing for the in uence of environmental variables on the quantity of an ecosystem service (LoE a). Descriptive studies imply data collection and representation without statistical testing (e.g. data summaries, ordinations, histograms, models with data . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a
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e lowest level of evidence are statements without underlying data (LoE ).
ese are usually individual expert opinions, o en not distinguishable from randomness (Tetlock, ) . Other statements without underlying data are reasoning based on mechanism and ' rst principles': A works according to a certain mechanism, so we expect B to work in the same way. ese rst principles are not reliable in ecology (Lawton, ).
It is important to note that 'method' and 'design' should not be confused. Methods are the means used to collect or analyse data, e.g. remote sensing, questionnaires, ordination techniques, model types. Design re ects how the study was planned and conducted, e.g. a case-control or observational design (GRADE Working Group,
). e same methods can be employed for di erent underlying designs. Remote sensing for example can be done purely descriptively or with a reference such as ground-truthing or in a 'before-and-a er' design.
b. Critical appraisal
Study design alone is an inadequate marker of the strength of evidence (Rychetnik et al., ). A study with a strong-evidence design may be poorly conducted. e critical appraisal assesses the implementation of the study design, speci cally the methodological quality, the actual realization of the study design and its reporting (Higgins and Green, , section . . ). It identi es the study quality and may lead to a downgrading in the evidence hierarchy. ality, in this context, is the extent to which all aspects of conducting a study can be shown to protect against bias, and inferential error (Lohr, ). ality checklists should detect bias and inferential error. Combining published quality checklists, we provide the rst quality checklist for conservation and ecosystem services ( Table , WebTable ) , that can be used to comprehensively assess the internal validity of a study, covering questions on data collection, analysis and the presentation of results. e checklist consists of questions, of which some apply only to a speci c context, e.g. for reviews or only studies focusing on valuation. All questions answered with 'yes' receive one point (or two points for an important question). In the case of non-reported issues, we advise the answer 'no' to indicate a de cient reporting quality. e percentage of points received can then help to decide whether to downgrade the level of evidence (Table   ) .
Reviews provide information at the highest level of evidence and their critical appraisal is di erent from other designs, because they are based on studies with weaker evidence (see Table : Review). If only studies based on weak evidence were included, then the review should be downgraded, regardless of other quality criteria.
A review can be assessed for its quality using our checklist. Furthermore every single study included in the review can also be assessed for its level of evidence, again using the checklist for quality criteria and the evidence hierarchy.
e checklist should make the assessment more transparent, but we are aware that many questions in the checklist can be subjective and depend on the judgement of the assessor (Cohen's kappa test for two raters: . ). We encourage the use of the checklist for an orientation, but we want to emphasise that this procedure can not be . 8, 2014; fully standardised. e combination of study design and quality criteria identi es the level of evidence supporting the study result (Fig. ) .
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Application of the evidence assessment tool e suggested method was applied to assess the evidence of studies (WebTable ).
ey were selected to serve as examples and illustrate the applicability of the tool to the whole range of study designs and foci. e rst example was a management-related systematic review of Mant et al. According to the critical appraisal the study achieved out of points ( %) and it therefore remained at the originally assigned LoE a, the highest level of evidence.
A second example tackles the question: 'How does adding dead wood to rivers in uence the provision of ecosystem services?' (Acuña et al.,
). e authors investigated two ecosystem services ( shing and retention of organic and inorganic ma er) in a river-forest ecosystem in Spain and Portugal and studied the e ect of this management intervention. eir study design followed a before-a er control-impact approach, equivalent to LoE a. e critical appraisal revealed shortcomings, e.g. no blinding, no randomization and no probability sampling: only out of points ( %) were achieved. e level of evidence was downgraded by
(
): 'restoration of natural wood loading in streams increases the ecosystem service provision' is based on moderate evidence (LoE a).
We provide further examples in the supporting information, together with the detailed quality checklist lled in for each study (WebTable , WebTable and GitHub: h ps://github.com/biometry/EvidenceAssessmentTool/blob/master/Examples.xlsx). All but one studies revealed quality shortcomings and had to be downgraded. Most were scored as LoE or LoE .
Relevance for di erent user groups
In the previous section it was elaborated how to assess the strength of evidence for individual studies and reviews. Now we provide a few notes on who should use it:
. Scientists conducting their own studies have to be aware of how to achieve strong evidence, particularly during the planning phase. Choosing a study design that provides strong evidence and respects the quality criteria will substantially increase the potential contribution to our knowledge.
. Scientists advising decision-makers should be explicit about the strength of evidence of information they include in their recommendations. Weighting all scienti c information equally, or subjectively, runs the risk of overcon dence and bias.
. Decision-makers receiving information from scientists should demand a level-of-evidence statement for the information provided. Alternatively, they can judge themselves the reliability having in mind the assessment for the evidence, .
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. Research funders should demand scientists to state how they intend to achieve strong evidence results and provide a level-of-evidence statement.
. We further would like to encourage consortia, international panels and learned societies, such as the Intergovernmental Platform on Biodiversity & Ecosystem Services (IPBES), the Ecological Societies (ESA, BES, GFÖ and others), the Society for Conservation Biology (SCB) and the Ecosystem Services Partnership (ESP) to support the development of guidelines (Graham et al.,
). ese guidelines contain recommendations on how to best quantify, value, manage or govern a desired ecosystem service or conservation target. is would give decision-makers more transparent summarised advice, and decrease work load and therefore costs of advisory panels.
Conclusion
We outlined an evidence assessment tool for ecosystem services and conservation studies, encompassing a hierarchy to judge the available evidence based on study design and a quality checklist to facilitate critical appraisal. We further illustrated with examples how to apply the tool (see also supporting information).
Evidence-based practice does not contradict other existing management concepts. It complements these approaches, emphasising that whatever information is used to inform decision should be accompanied by awareness of how reliable this knowledge is.
.
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Studies without underlying data
Individual expert opinion Mechanism-based reasoning Figure . Level-of-evidence (LoE) hierarchy ranking study designs according to their evidence. LoE -LoE with internally ranked sublevels a and b.
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